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Contents:

e (CaseO
¢« (Cases 1A, 1B and 1C;

e (Cases 2A and 2B:
- Influence of domain size;
- Estimation of numerical uncertainty;
- Estimation of sensitivity coefficients for I and v, /v at the inlet.

» (Case 3.
- Specification of inflow conditions.
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Mathematical Models and Flow Solver

» Reynolds-Averaged Navier-Stokes equations for an incompressible
fluid (Ma=0) supplemented with the k — w SST 2003 combined with
the following transition models:

- ¥ — Rey (Langtry and Menter 2009);
-y (Menter et al. 2015);
-AFT  (Coader 2017a).
» (Cases 0 and 1 were simulated in the provided grids.

« (Cases 2 and 3 were simulated with our own multiblock
structured grids.




Case 0 — 3D Bump in channel
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Case 1 — Zero pressure gradient flat plate
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Case 1 — Zero pressure gradient flat plate
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Case 1 — Zero pressure gradient flat plate

T3B
0.007 Re,
—
— SST
0.006 SST (I=0.01)
- — ] Experimental
u Blasius
_0.005
@
L]
L]
0.004
L]
L]
0.003

10° 10 10°




Case 2 — NLF(1)-0416 airfoll

Study of size of the
computational domain
) =1536¢/L, = 2304c/L, 00

Selected domain

A =16

L, =144c¢, L, = 96
X C, Ly C i) 0
. . <
V. aligned with x;
Free slip at top anad
pottom boundaries;
Pressure imposed -500

at the outlet.
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Case 2 — NLF(1)-0416 airfoll

Study of size of the
computational domain
A =1536¢/L, = 2304c/L,

Selected domain
A =16
L, = 144c, L, = 96c

V., aligned with x;

Free slip at top anad
pottom boundaries;

Pressure imposed
at the outlet.

500

-300




Case 2 — NLF(1)-0416 airfoll
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Case 2 — NLF(1)-0416 airfoll
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Case 2 — NLF(1)-0416 airfoll

Upper surface Lower surface
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Case 2 — NLF(1)-0416 airfoll

Lower surface, a = 0°

um AFT Y v-Re

Numerical Uncertainty 10° Num
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Case 2 — NLF(1)-0416 airfoll

Lower surface, a = 0°
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Case 2 — NLF(1)-0416 airfoll

Lower surface, a = 0°
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Case 2 — NLF(1)-0416 airfoll
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Case 3 — 6:1 Prolate Spheroid

Computational Domain

» Follows workshop guidelines:
. Boundaries at % — +100, % — +100
and % — 1100

Symmetry plane at the spheroid
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Case 3 — 6:1 Prolate Spher0|d c. 10°
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Case 3 — 6:1 Prolate Spheroid
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Case 3 — 6:1 Prolate Spher0|d C,  10°
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Case 3 — 6:1 Prolate Spher0|d c, 10°
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Case 3 — 6:1 Prolate Spher0|d C,  10°
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Case 3 — 6:1 Prolate Spheroid e o = O
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Case 3 — 6:1 Prolate Spheroid e o =150
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Final Remarks

Complete specification of inlet boundary conditions is essential
for simulations performed with transition models at low Reynolds
numbers. Specifying only turbulence intensity at the leading edge
S Insufficient.

Reliable comparison with experimental data depends on
Knowledge of complete inflow conditions and domain size (wind
tunnels are not infinite domains).

Simple test cases are essential to perform Solution Verification
studies and Code to Code comparisons.
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Case 1 — Zero pressure gradient flat plate

Inlet  — Everything specified except the pressure;

Bottom — Symmetry and no slip/impermeability conditions;

OP-TO — Pressure at the outlet and zero normal derivatives at the top;
OP-TS — Pressure at the outlet and symmetry at the top;

OO-TP- Zero streamwise derivatives at the outlet and pressure at the top.

ReL=VOOL/V=4><lO6

135

20



Case 1 — Zero pressure gradient flat plate
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Case 1 — Zero pressure gradient flat plate
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Case 1 — Zero pressure gradient flat plate
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Case 1 — Zero pressure gradient flat plate
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Case 1 — Zero pressure gradient flat plate
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Case 2 — NLF(1)-0416 airfoll

Top and bottom

dV,/dx = 0
V, =0
Inlet 10 dp/dy =0 Outlet
V. =0 dk/dy = 0 dV,/dx = 0
V, =0 dw/dy =0 dVy/dx =0
dp/dx = 0 5 b=
[ =0.0015 die/dx =0
v /v = 0.04 dw/dx =0
(=
Wall
. =0
5 V, =0
dp/dyy, =0
k =
-10rw specified at near-wall cell centre
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Case 2 — NLF(1)-0416 airfoll

Size of the computational domain
A = 1536¢/L, = 2304c/L,
A=64=L,=36cAL,="24c

10
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Case 2 — NLF(1)-0416 airfoll

Size of the computational domain
A =1536¢/L, = 2304c/L,

5 Multiblock Structured Grids
Grids are coincident in the
overlapping parts of the domain

r — & Nfoil
hq 64 32
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Case 2 — NLF(1)-0416 airfoll

Computational domain for A = 16 = L, = 72c A L,, = 48¢
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Case 2 — NLF(1)-0416 airfoll

Computational domain for A = 16 = L, = 72c A L,, = 48¢
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Case 2 — NLF(1)-0416 airfoll

Computational domain for A = 16 = L, = 72c A L,, = 48¢




Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
8
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1
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Case 2 — NLF(1)-0416 airfoll

0.01 _ Experimental
A V-Re,
v Y
> AFT
0.008
Q B
@
: n
0.006 ] .- =
0.004




Case 2 — NLF(1)-0416 airfoll

Upper surface
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Case 2 — NLF(1)-0416 airfoll

L ower surface
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Simulation of the flow at a = 5° — Grid 1. y — Reg
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Simulation of the flow at @ = 5° — Grid 1: y
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Simulation of the flow at «a = 5° = Grid 1: y — Rey - CFHE
C. ~ 10°
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Simulation of the flow ata = 5° —Grid 1: y - CFHE
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Simulation of the flow at @ = 10° — Grid 1: y — Regs - CFHE
C. ~ 10°

180
2 6
3.2
150 5 8
2.4
2
1.6
120 } 1.2
0.8
0.4
o | 0
bt ()
_e_
60
30
0

0.2 0.4

0
X/L



Simulation of the flow at a = 10° — Grid 5: y - CFHE
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Simulation of the flow at a = 10° — Grid 3: y - CFHE
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Simulation of the flow at ¢ = 10° — Grid 1: y - CFHE
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